strains elaborate a fibrous exopolysaccharide that forms a matrix in which growing cells are embedded. Stable, nongelatinous variants arising from gelatinous cultures were of two types: (i) those that had lost the ability to produce polysaccharide, and (ii) those that had lost the capacity to bind the polymer into a mnatrix. Gelatinous strains growing in Tryptone did not produce a matrix, but rather elaborated polysaccharide free into the medium. The effect of Tryptone was not one of selection of nongelatinous variants. Growth and polysaccharide synthesis in a defined medium were greatest when amino acids were substituted for ammonia as a nitrogen source. Best growth and polysaccharide yield occurred when the ratio of carbohydrate to nitrogen was in the order of 10:1. Depolymerization of formed polymer occurred in cultures grown with Casamino Acids as the nitrogen source. Calcium ion stimulated polysaccharide formation. Iron, although stimulating growth, inhibited polysaccharide formation.
Gelatinous strains of Chromobacterium violaceum produce an extracellular heteropolysaccharide (Corpe, 1960) which is firmly associated with the cells, causing agar colonies to be raised, rubbery, and adherent (Corpe, 1953) . Within 2 months after isolating the soil bacteria into laboratory media, nongelatinous strains began to appear, suggesting that the polysaecharide-cell relationship had been modified in some manner, or that the organism had lost its polysaccharideproducing ability. Wilkinson, Duguid, and Edmunds (1954) described the production of slime by a noncapsulated variant of Aerobacter aerogenes which had been isolated from a capsulated culture. Both capsule and slime polysaceharides were similar chemically and antigenically, but the property responsible for binding the polymer into a cohesive capsule had been lost.
The physical displacement of polysaccharide from a capsule to a dispersible slime, though probably unrelated to polysaccharide formation, may indicate a change in the chemistry of the cell surface, as some of the experiments rel)orted in this paper suggest.
MATERIALS AND 'METHODS Cultures. The organisms used in this study were all typically gelatinous when initially isolated from soil (Corpe, 1953 (Neish, 1952) . The method was used also to determine the glucose remaining in the culture medium. All anthrone carbohydrate determinations were done in triplicate.
Another crude measure of polysaccharide formation by NGM strains was done by determining the viscosity of whole cultuies. For this purpose, a 5-ml pipette which had a water flow time of 13.05 sec was selected. Viscosity of cultures was determined as the flow time of culture divided by the flow time of water or uninoculated medium.
Free polysaccharide isolated from NGM cultures was isolated and purified by the methods previously applied to the gelatinous polymer (Corpe, 1960) .
Ammonia was determined quantitatively by use of the micro-Kjeldahl distillation and titration procedure described by Kabat and Mayer (1961) . Total nitrogen was determined by the method of Johnson (1941) .
a-Keto acids were detected qualitatively by chromatography of their 2, 4-dinitrophenylhydrazones with the use of methods described by Cavallini, Frontali, and Toschi (1949) .
Fragments of gelatinous colonies were prepared for electron microscopic examination by grinding in distilled water between glass surfaces, or by brief exposure of a colony in distilled water to a high-frequency sound field of low intensity, for a 280 m, but none at 260 m,u. Polysaccharide precipitated from dialyzed culture supernatant fluids with 4 volumes of acetone or 95% ethanol contained 8 to 10% total nitrogen. Fractional precipitation of the polysaccharide with acetone, followed by deproteinization with chloroform and butanol (10:1), lowered the nitrogen content to 5 to 7 %. A more vigorous purification procedure (Corpe, 1960) was required to reduce the nitrogen content to 1.9 to 3%O, a value consistent with that reported for gelatinous polysaccharide by Martin and Richards (1963) .
As mentioned previously, NGS strains, although producing no gummy exopolysaccharide, did accumulate an alcohol-insoluble material in their culture supernatant fluids. The material gave a positive test with anthrone, indicating the presence of a carbohydrate. The latter was chemically and physically distinct from the gummy exopolysaccharide of G and NGM strains, but was apparently the same as the socalled flocculent polysaccharide recovered from gelatinous strains and described previously (Corpe, 1960) . A similar material was observed in culture filtrates of NGM strains as well. These preparations contained 6-deoxyhexose and heptose, making them distinct chemically from the gelatinous or gummy polymer. They were also shown to contain about 45% protein on a dry weight basis (Corpe, unpublished data a period of 2 weeks of growth at optimal temperature, rather than 3 to 4 days as is the case in Tryptone medium.
Of the three mutant types of chromobacteria described here, the NGS type was by far the most difficult to maintain in culture. Viability curves of an NGS strain and a G strain are shown in Fig. 2 Magnesium omission from the salt mixture had a depressing effect on growth in both rate and final cell yield. It could not be replaced by either calcium or manganese. The addition of manganese and molybdenum had no effect on either growth or polysaccharide yield.
The main consideration in experiments with defined media was to determine whether the kind and amount of various nitrogen sources would affect polysaccharide yield. When ammonium sulfate concentration was held constant at 0.1 mg/ml and the glucose level was increased from 0.1 to 20 mg/ml, considerable differences in growth response and polysaccharide formation were observed (Fig. 4) . Growth was best with 5 to 10 mg/ml of glucose, and about 10 mg/ml of glucose were best for polysaccharide formation. With the glucose concentration held at 5 mg/ml and the ammonium nitrogen level varied, best growth occurred with 1 to 2 mg/ml, but best polysaccharide yield occurred at 0.1 mg/ml (Fig. 5) . Similar results were obtained when AVOL. 88, 1964 GROWTH AND POLYSACCHARIDE FORMATION BY C. VIOLACEUM 1439 glutamate nitrogen was used as the nitrogen source (Fig. 6) . Best growth and largest polysaccharide yield per unit volume of culture occurred when 0.1 mg of glutamate nitrogen and 10 mg of glucose per milliliter were supplied. The largest polysaccharide yield per unit weight of cell material, however, occurred when 0.05 mg/ml of glutamate nitrogen was supplied.
After growth of the organism, the glucoseammonium salts medium had a pH of 4.8 to 5.0, and had accumulated a-ketoglutaric acid but no other carboxylic acid. The addition of excess NH4+ )revented accumulation of the acid and stimulated cell yield, but also reduced the yield of polysaccharide. When glutamic acid was used in levels above 0.05 mg of glutamate nitrogen per milliliter, the culture became alkaline because of accumulation of ammonia in the medium, glucose disappeared, and a-ketoglutarate accumulated in only trace amounts. Yields of polysaccharide were not decreased when the glucose + ammonium salts medium was maintained above pH 7.0.
Ammonia, glutamate, and Vitamin Free Casamino Acids as nitrogen sources for growth and polysaccharide production by 32 NGM are compared in Fig. 7 . Glutamate and Casamino Acids were used more readily, in that final cell yield was attained faster than when ammonia was supplied as the nitrogen source; however, the maximal cell yield was approximately the same in all three. Increase in viscosity of the cultures was used as an index of polysaccharide production; the most noticeable events were that both ammonia and glutamate cultures took a longer time to reach a level of viscosity attained early in the Casamino Acid culture, and that the viscosity of the Casamino Acid culture fell off quite perceptibly after a maximal viscosity had been reached. This culture also showed a drop in optical density, which was interpreted tentatively as an indication of autolysis.
Another experiment was done with the use of an increased amount of Casamino Acids (0.5%) over that which had been used in the previous experiment (0.2%; Fig. 8 aerogenes (Duguid and Wilkinson, 1953) . In the latter work, best polysaccharide yields were obtained when the organism was grown aerobically in media with low nitrogen, phosphorus, or sulfur, but with a high sugar content. This sort of response may be rather typical of heteropolysaccharide-producing species which synthesize polysaccharide from low molecular weight intermediates by use of metabolic pathways that are also used for synthesis of essential cell substance.
Ammonia, glutamate, and Casamino Acid nitrogen were essentially equivalent in their capacity to support growth and polysaccharide synthesis. Glutamate and Casamino Acid cultures became alkaline because of release of ammonia, whereas cultures with ammonia as the nitrogen source became acid because of accumulation of a-ketoglutaric acid. The viscosity of Casamino Acid cultures fell after maximal polysaccharide yield had been attained, which suggested depolymerization of the polymer had taken place. The ultimate fate of the polysaccharide was not determined. The development of alkalinity in glucose salts solution containing glutamate as the nitrogen source indicated that amino acid carbon could be used by the organism as well. Alkalinity due to ammonia developed when unused glucose was still present in the medium, which suggests a possible preference of the organism for amino acid carbon chains.
